On the first step in purification of the enzyme from crude extract, Sephadex G-100 gel filtration afforded a 9-fold purification.
Fractions having alginate lyase activity were pooled and further fractionated on DEAE-Sephadex A-50. The enzyme was eluted in about 0.3M NaCl. A peak of protein became single but did not correspond completely with an enzyme active peak. Further fractionations by gel filtration on Sephadex G-75 and Toyopearl HW-50F were performed. On Toyopearl HW-50F gel filtration both peaks of alginate lyase activity and the protein content coincided.
To ascertain purification, DEAE-Sephadex chromatography was reoperated (Fig. 1) . Although specific activity decreased, both peaks of the activity and protein content completely coincided. SDS-PAGE of the protein at a final step on the purification showed a single band estimated as 32 kDa (Fig. 2) . Reaction Profile of Purified Alginate Lyase Activities of the purified alginate lyase measured by the methods of ultraviolet absorption, reducing sugar determination and viscometric assay are shown in Fig. 6 . With the enzyme reaction to sodium alginate, production of subtances with absorption at 235 nm was parallel with the increase of reducing sugar, on the other hand, the viscosity of the substrate immediately decreased for the first 2 min by the purified alginate lyase and slightly decreased thereafter.
Discussion
A few of alginate lyases have been homogeneously purified from invertebrates5) and marine Photobacterium,10) but others have been examined in partially purified states from marine and terrestrial bacteria.4,14,27) Preston et al.27) reported that Alteromonas sp. isolated from seaweed produced an extracellular alginate lyase, of which specificity was estimated using unpurified enzyme. In the present study, we succeeded in purifying alginate lyase of Alteromonas sp. H-4.
Through ultrafiltration, gel filtration with Sephadex G-100 and G-75, Toyopearl HW-50F, and anion-exchange chromatography using DEAE Sephadex A-50, purification of the alginate lyase was attempted and homogeneity of the purified enzyme was confirmed on SDS-PAGE (Fig. 2.) . On the first gel filtration with Sephadex G-100, at least 90% of total protein was excluded (Table  1) , and recovery of alginate lyase activity was the highest by repeated gel filtration chromatography. The gel filtration chromatography was effective on the purification of the alginate lyase. The alginate lyase reaction caused the increases in UV absorption (235nm) and reducing sugar in the reaction mixture (Fig. 6 ). Tujino and Saito28) reported that unsaturated diuronide with absorption at 235nm was isolated as the reaction product in the reaction mixture of alginate lyase from abalone intestine. Furthermore, formation of reducing sugar was parallel with that of UV absorption materials.
It was suggested that the alginate lyase of Aeromonas sp. H-4 was not hydrase such as cellulase or chitinase, but that the enzyme cleaved alginate resulting in the formation of series of oligosaccharides containing unsaturated residues on the non-reducing end of the glycoside chain and was the same as alginate lyase EC [4. 2. 2. 3] from other sources.1,29) Moreover, the alginate lyase remarkably decreased the viscosity of the substrate and from the result, it is speculated that the enzyme was endo-type alginate lyase. Kitamikado et al.24) reported isolation of two alginolytic Vibrio, strain Al-9 and Al-128, from seaweed and fish intestine, respectively. The reaction profile of alginate lyase from the strain Al-9 was strong to produce reducing sugar, and that of the strain Al-128 was strong to decrease viscosity of substrate.
On the other hand, the enzyme from Alteromonas sp. strain H-4 has both characters of reaction profiles. The optimum pH and salt requirement of this enzyme 
